Giardia and Cryptosporidium have emerged as waterborne pathogens of concern over the past few decades. Twenty-nine source water samples were collected from water treatment facilities and checked for the occurrence of Giardia and Cryptosporidium along with some water quality parameters. These facilities include ten large-scale treatment plants near major metropolitan areas, and eight simple facilities in small and secluded communities. The indirect immunofluorescence assay (IFA) was used for the detection of cysts and oocysts in water samples. In addition, fecal specimens were collected from watersheds providing source water for the treatment plants, and the presence of Giardia and Cryptosporidium was detected with the enzyme-linked immunosorbent assay (EIA). The mean concentrations of protozoa in large-scale plants were 66.6 cysts/100 liters and 89.2 oocysts/100 liters, while simple facilities contained 1.27 cysts/100 liters and 0.28 oocysts/100 liters, respectively. The concentrations of these two parasites exhibit the highest correlation with turbidity than any other water quality parameters. Among the 101 fecal specimens, eleven were positive for Giardia and 22 were positive for Cryptosporidium. It was also found that the occurrence of these two pathogens in the source water was directly linked to the surrounding farming activities, suggesting that farming activities should be kept at a certain distance from the watersheds.
The protozoan parasites Giardia and Cryptosporidium have been recognized as the common pathogenic protozoa of the gastrointestinal tract (Cook, 1995) . Many outbreaks of giardiasis and cryptosporidiosis have been reported in the last few decades (Frost et al., 1996; SoloGabriele & Neumeister, 1996) . Human infection with these pathogens is usually through either direct contact or ingestion of contaminated food and/or water (Donnelly & Stentiford, 1997; Pell, 1997) . Water is perhaps the major source for massive outbreaks of infection, as a result of contamination of source water.
The first case of giardiasis in Taiwan was diagnosed at an offshore island in 1975. Thirty two percent of children residing on the island were positive for Giardia in their stool specimens (Chung & Cross, 1975) . Another survey showed that over 50% of the avian species in Taiwan were infected with Cryptosporidium spp (Wang & Liew, 1990) . In Taiwan, the major source for drinking water is surface water, into which domestic and farm effluents often enter. Although giardiasis and cryptosporidiosis have been identified as waterborne diseases, very little information was available on the occurrences of both parasites in Taiwan and the relationships between water samples and fecal specimens from the nearby watershed.
A 3-year survey has been conducted to investigate the prevalence of Giardia and Cryptosporidium and the microbes traditionally used as water quality parameter from various locations in Taiwan, as well as their correlation to water quality parameters. The relationships between the occurrences of parasites in fecal specimens and those in raw water samples from the same watersheds were also explored.
MATERIALS AND METHODS
The sampling sites for water samples and fecal specimens are shown in Fig.1 . The sampling objects were taken from large water plants, simple water facilities, and animal pasturing areas. In the first phase, twenty raw water samples were collected from ten large plants, and nine raw water samples were taken from eight simple facilities during the second phase. In the third phase, stool specimens of pasturing animals in the watershed were collected and tested for the presence of parasites. Fig. 1 The sampling sites of water samples and fecal specimens in Taiwan Raw water samples from large plants and simple facilities were assayed for cysts and oocysts by indirect immunofluorescence assay (IFA) as specified by the Information Collection Rule (ICR) of USEPA (AWWA, 1994) . The concentrated water samples were labeled with monoclonal antiserum (Hydrofluor TM Combo Giardia/Cryptosporidium; Ensys, Inc., NC, USA) and examined with an epifluorescent microscopy at 200×, 400× or 1000× magnification (Olympus, Japan). Enzyme-linked Immunosorbent Assay (EIA) was used to detect these protozoa in fecal specimens. ProSpecT Giardia EZ Microplate Assay and ProSpecT Cryptosporidium Microplate Assay were purchased from the Alexon Inc. (Sunnyvale, CA, USA). Sample preparation and immuno-reaction procedures followed supplier's protocols. Readings of A 450 0.05 were interpreted as positive and A 450 < 0.05 as negative. Turbidity was measured using a ratio turbidimeter (HACH, Co., USA). Heterotrophic bacteria were measured by the spread method (APHA, 1995) . Total coliforms were measured by membrane filtration procedures described by the Standard Method for the Examination of Water and Wastewater (Methods 9222 B in APHA, 1995) .
The number of cysts and oocysts observed microscopically was recorded and normalized to the number of cysts or oocysts/100 liters without readjusted by recovery efficiencies (LeChevallier et al., 1991; Crabtree et al., 1996; Hsu et al., in press ). The concentrations of the protozoa in water samples were reported as less than the detection limit if the protozoa were not observed via epifluorescent microscope. In the statistical evaluation, data under the detectable levels were treated as zero. The mean and standard deviation of the parasites and the parameters of water quality were calculated. By using STATISTICA software (supplied by StatSoft, Inc., USA), Spearman R correlation coefficients between the concentrations of cysts/oocysts and some water quality parameters including water temperature, heterotrophic bacteria, total coliforms, and turbidity can be calculated.
RESULTS AND DISCUSSION

Occurrence of Cysts and Oocysts in Water Samples
Twenty raw water samples were collected from ten large water plants, while nine raw water samples were from eight simple water facilities. Sampling sites, sampling volumes, parasite concentrations and parameters of water quality were listed in Table 1 . The percentage positive of Giardia and Cryptosporidium in the raw water samples from large plants was 75% and 70%, respectively. The mean concentration of Giardia cysts was 66.6 cysts/100 liters (SD = 93.1), ranging from less than 4.0 to 311.6 cysts; and was 89.2 oocysts/100 liters for Cryptosporidium (SD = 193. 3), ranging from less than 3.0 to 801.4 oocysts. In the raw water samples of simple facilities, the percentages for Giardia-and Cryptosporidiumpositive samples were around 33.3%. The mean concentration of Giardia was 1.27 cysts/100 liters (SD = 2.95), from less than 0.8 to 9.0 cysts; and the mean concentration was 0.28 oocysts/100 liters for Cryptosporidium (SD = 0.42), from less than 0.8 to 9.0 oocysts. Much greater occurrence and concentration were observed in large plants. The mean concentrations for Giardia and Cryptosporidium were 52.4 and 318 times greater than those of simple facilities, and the percentages for Giardia-and Cryptosporidium-positive were 2.3 and 2.1 times higher.
Testing of Animal Fecal Specimens
The results from the fecal specimens collected from nine species of animals were summarized in Table 2 . Of all 101 samples, eleven were positive for Giardia and twenty-two for Cryptosporidium. Both parasites were detected in pig, cattle and bird fecal specimens. Specimens from ducks, sheep and rabbit were tested positive for Cryptosporidium only. None of the parasites was detected in any specimens of horse, goose or chicken. 
Relationship between Protozoan Parasites and Water Quality Parameters
Data collected from both large and small water facilities were used in this analysis. During the period of water sampling, water temperatures changed between 18.8 and 27.5 (Mean SD = 23.4 2.2, n = 25). The mean condition of the raw water samples was 46.3 cysts/100 liters (SD = 82.7, n = 29) for Giardia, 89.2 oocysts/100 liters (SD = 193.3, n = 29) for Cryptosporidium, 20.1 NTU (SD = 60.0, n = 29) for turbidity, 1.2 10 4 CFU/ml (SD = 3.0 10 4 , n = 25) for heterotrophic bacteria, and 2.1 10 4 CFU/100 ml (SD = 5.1 10 4 , n = 25) for total coliforms. Table 3 shows the correlation coefficients between protozoan parasites and some water quality parameters (water temperature, heterotrophic bacteria, total coliforms, and turbidity) of the raw water samples. Positive correlations were found between parasite concentrations and turbidity levels (n = 29, R = 0.561, and p = 0.002 for Giardia; n = 29, R = 0.394, and p = 0.035 for Cryptosporidium), and between parasite concentrations and total coliforms (n = 25, R = 0.388, and p = 0.055 for Giardia; n = 25, R = 0.414, and p = 0.040 for Cryptosporidium). However, no correlation was found between Giardia concentration and heterotrophic bacteria, yet significant correlation was found between Cryptosporidium concentration and heterotrophic bacteria (n = 25, R = 0.414, and p = 0.043). No correlation was found between either parasite and water temperature. In conclusion, turbidity level is the most significant parameter in relation to the parasite concentrations. 
Comparison of Parasites in Fecal Specimens and in Raw Water Samples
The occurrence of protozoan parasites in water samples and fecal specimens were listed in Table 4 . The watersheds listed in the Table were divided into four areas, A, B, C, and D from northern to southern Taiwan (Fig. 1) . In area A, all fecal specimens and raw water sample were tested positive for Cryptosporidium only, which showed close relationship for the occurrence of Cryptosporidium between fecal specimens and raw water sample. The fecal specimens in area C were collected from a bird park. Though the percentages for Giardia-and Cryptosporidium-positive were both 17% for bird fecal specimens, neither Giardia nor Cryptosporidium were detected positive in the raw water sample from the same area (area C). Since the birds were confined in the cages, the bird feces probably did not reach the water source nearby. In the areas B and D, both parasites were found in fecal specimens from hog farming regions and raw water samples from large plants. The mean concentration of Giardia cysts was 101.4 cysts/100 liters (SD = 107.5, n = 11), and was 136.2 oocysts /100 liters for Cryptosporidium (SD = 249.9, n = 11) in all water samples from areas B and D. The mean parasite concentrations of water samples from areas B and D were 1.52 times greater for Giardia and 1.53 times greater for Cryptosporidium than the mean parasite concentrations of water samples from all large plants. It is evident that the farming activities in watershed would be linked to the amount of these two pathogens in water. 
CONCLUSION
In our study, large water treatment plants are all located downstream of the watershed in the metropolitan area, while simple water facilities are in small and secluded communities located upstream. Therefore, raw water samples from large plants contained more Giardia cysts and Cryptosporidium oocysts than simple facilities. Turbidity appeared to be the most significant factor in relation to the parasite concentrations among various water quality parameters. It may be a feasible indicator to predict the occurrence of the parasites. In the source water, high turbidity often accompanied the occurrence of Giardia and Cryptosporidium. Water samples from the hog farming regions contained more parasites than samples from other watersheds. It is strongly indicated that farming activities play an important role in contributing protozoan parasites. Therefore, the farming activity in watershed needs to be under stricter regulation in coordination with the improvement of treatment performance to minimize the threat of waterborne diseases.
